OBJECTIVES: Gender disparities in risk factors and outcomes following aortic repair are important issues in healthcare. To date, no largescale multicentre study addresses this topic in complex endovascular aortic repair. We aimed to determine the outcomes following fenestrated or branched endovascular aortic repair of aneurysms and dissections in female and male patients.
INTRODUCTION
Aneurysms involving the thoraco-abdominal aorta (TAAA) comprise approximately 5-10% of all aortic aneurysms. Since the first successful open repair of an upper abdominal aortic aneurysm (AAA) using a homograft, open repair has remained the only available approach to treat TAAA and aortic ruptures. As endovascular repair has become the standard of care for AAAs with excellent results [1, 2] , a new technology of complex fenestrated or branched endovascular repair (FB-EVAR) allows the treatment of TAAA. However, that male-to-female predominance in AAA repair has resulted in devices that are primarily designed for the male anatomy [3] . It is known that women have a 4-fold higher risk of rupture and have a faster rate of aneurysm growth, leading to the recommendation to treat them earlier as compared to men [4, 5] . To date, the very few available studies are mostly limited to single-centre data, and they also do not examine gender disparities following FB-EVAR.
In this large population-based study in Germany, we used the National Health Insurance claims data to determine the shortterm and long-term outcomes of elective FB-EVAR in thoracoabdominal and abdominal aortic aneurysms or dissections focusing on sex-specific differences.
METHODS
The health insurance claims database of Germany's third largest insurance provider, DAK-Gesundheit (DAK-G), include the data on outpatient and in-hospital medical care provided to approximately 6.5 million German citizens (8%). It has been previously used for studies of AAAs [2, 6] , Lyme borreliosis, skin cancer and severe mental diseases. In contrast to the registry-based data from Germany [7] , the DAK-G database is not restricted to vascular surgeons but includes all medical specialties treating the insured cohort for AAA (e.g. cardiac surgeons, cardiologists, angiologists, interventional radiologists and general surgeons). Moreover, it is not restricted to AAAs but includes thoracic and thoraco-abdominal aortic aneurysms. The DAK-G cohort includes nationally generalizable data with comparable gender and age distributions (40.4% female and 29.1% over 65 years old) and has been validated before [7] .
All statutory health-insured patients with at least one hospital stay between January 2008 and December 2017 for non-ruptured thoracic, thoraco-abdominal or abdominal aortic aneurysm or dissection by the International Classification of Diseases (WHO ICD-10 codes I71.2, I71.4, I71.6, I71.9 for aneurysm; I71.00, I71.01, I71.02, I71.03 for dissection) and Operations and Procedures Codes (OPS) for fenestrated or branched endovascular repair of the thoracoabdominal or abdominal aorta (5-38a*, 8-842*) were investigated (Fig. 1) . Due to the fact that stent grafts used for complex aortic repair are generally unavailable in urgent circumstances, no ruptured aneurysms or dissections were included in this study. The German OPS code is adapted to the International Classification of Procedures in Medicine (ICPM). For the identified cases that matched the basic search criteria, we collected data on demographics, primary and secondary procedures performed while in hospital (OPS codes), coded comorbidities (WHO ICD-10 codes) and reason for discharge. For the long-term survival analyses, we censored patients whose insurance contract expired within the follow-up period. The dataset for this study was stratified into relevant subgroups (aneurysm repair conducted in female versus male patients). The first repair procedure was included as primary case (no reintervention cases during the study period were included).
The health insurance claims data consist of standardized information utilized for reimbursement or administration of medical care performed by healthcare providers using the WHO ICD-9 or ICD-10 codes for comorbidities. In 1998, Elixhauser et al. [8, 9] introduced a systematic classification to identify relevant comorbidities among primary or secondary diagnoses at the time of discharge. Major comorbidities such as cardiac arrhythmias, liver disease, diabetes, or depression were categorized into 30 commonly accepted groups. Van Walraven et al. [10] used the Elixhauser classification and developed a linear sum score ranging from -7 points (for drug abuse) to +12 points (for metastatic cancer) to adjust multivariable models that estimate odds for inhospital survival using a single metric covariate.
Bleeding or anaemia requiring blood transfusion was stated if any bleeding complication (D62, T79.2, R57.1, R58) was stated together with the application of blood transfusion.
Statistical analysis
Statistical analyses and data reporting are in accordance with the Statistical and Data Reporting Guidelines of the European Journal of Cardiothoracic Surgery and the Interactive Cardiovascular and Thoracic Surgery [11] . The test for categorical variables was v 2 test and two-way t-test for continuous variables. For non-normal distributed data, a Kruskal-Wallis test was performed. Bivariate analyses were conducted to investigate the impact of gender on in-hospital and long-time survival. Multivariable regression models were used to determine the independent effect of female gender on in-hospital and long-time survival using the logistic and Cox regression approach. The models included age and van Walraven comorbidity score. The Kaplan-Meier survival curves were used to determine long-term survival, and a log-rank test was used. Patients with unknown mortality were censored. Sensitivity analyses using the landmark approach were used to calculate survival, conditional to surviving the procedure (30 days). Statistical significance was defined as P-value <0.05. No adjustment for multiple testing was performed. All statistical analyses were performed with software R version 3.3.2 (The R Foundation for Statistical Computing, Vienna, Austria).
Ethical considerations
This study complied with the Declaration of Helsinki. As this was a retrospective analysis of the anonymized health insurance claims data, no approval from the local ethics committee was required, and no patient informed consent was obtained for the study.
RESULTS

Patients and procedures
A total of 163 (17%) female and 796 (83%) male patients underwent FB-EVAR between January 2008 and December 2017 (Fig. 1) . Baseline characteristics and coexisting conditions are presented in Table 1 . Patients' mean age and mean van Walraven comorbidity score were not different between the groups. The diagnosis of peripheral vascular disorder, hypertension, renal failure and uncomplicated diabetes was significantly more common in male patients when compared to female patients.
Perioperative outcomes of the study patients are presented in Gender impact on in-hospital mortality (regression models for entire cohort)
Results of the multivariable logistic regression for in-hospital mortality are presented in Table 3 . Female gender (odds ratio 3.206, 95% CI 1.664-6.015; P < 0.001), older age of the patients (odds ratio 1.057, 95% CI 1.013-1.105; P = 0.012) and higher van Walraven comorbidity score (odds ratio 1.062, 95% CI 1.024-1.101; P = 0.001) were associated with higher odds of in-hospital mortality.
Gender impact on long-term survival (regression models for entire cohort)
The Kaplan-Meier survival curves are shown in Fig. 2A and B.
The results of the adjusted analysis using the Cox proportional hazard model are presented in Table 4 . Female gender [hazard ratio (HR) 1.506, 95% CI 1.123-2.109; P = 0.006], older age of the patients (HR 1.040, 95% CI 1.023-1.058; P < 0.001) and higher van Walraven comorbidity score (HR 1.045, 95% CI 1.030-1.061; P < 0.001) had a negative impact on long-term survival.
Additional analyses of survival, conditional to surviving the procedure Sensitivity analyses estimated the effect of female gender on survival beyond discharge (patients who survived at least the first 30 days after the procedure) (Fig. 2) . In these analyses, female gender had no significant impact on long-time survival (HR 1.249, 95% CI 0.875-1.785; P = 0.22). The effect of older age of the patients (HR 1.038, 95% CI 1.019-1.058; P < 0.001) and higher van Walraven comorbidity score (HR 1.039, 95% CI 1.021-1.058; P < 0.001) remained.
DISCUSSION
In this large-scale analysis of the health insurance claims data in Germany, we found that females have worse short-term and long-term outcomes following FB-EVAR of intact aortic aneurysms or dissections when compared to males. Major in-hospital complications such as acute renal failure, paraplegia and bleeding complications were significantly more common in females when compared to males. Gender disparities in cardiovascular medicine have been discussed for decades, and many differences in outcomes have been reported [12] [13] [14] [15] [16] [17] [18] [19] . In addition, anatomical differences in women were found such as a more challenging vascular anatomy with shorter and more angulated necks and smaller and more tortuous access vessels [5, [20] [21] [22] . Medical devices utilized in endovascular aortic repair seem to be primarily adapted for male patients [3] . The smaller size of female iliac arteries explains the higher occurrence of vascular access-related complications, such as bleeding, and also limits the torque-ability of complex endografts causing a less accurate deployment and frequent rotational mismatch [21, 23, 24] .
We found that postoperative bleeding or anaemia requiring blood transfusion is almost two times more likely to occur in females when compared to males. To date, there is no commonly accepted definition for this outcome. Hence, the reported rates of bleeding complications vary significantly in the available literature, and there are studies reporting gender differences following FB-EVAR [21, 23] .
Aneurysm-related reoperations occur 10% more frequently in women. One previous study supported our findings [25] . It was reported that female gender was associated with primary endoleaks following endovascular repair [25] , a complication which might lead to reoperations.
We also found that females more often experienced postoperative spinal cord ischaemia-induced paraplegia and tended to have a higher risk of stroke even though this particular difference did not reach statistical significance. One can speculate that smaller vessel diameters, less collateral supply and a higher degree of atherosclerosis in women might lead to this complication. There is evidence for higher rates of ischaemic stroke and spinal cord ischaemia-associated paraplegia following endovascular aortic repair affecting females disproportionally [16, 26] .
To date, available real-world evidence on gender disparities in aortic repair is limited. Available studies that include complex procedures have a single-centre study design, showing a wide variation in the proportion of female patient enrolment ranging from 10% [26, 27] to 50% or higher [28] [29] [30] . Furthermore, these studies do not specifically address gender disparities. However, females are known to have a 4-fold higher rupture risk and faster rate of aneurysm growth in the abdominal segment, which has led to the societal recommendation to treat women earlier than men [4, 5] . In light of our study results, there is a need to advance the guideline recommendations in thoraco-abdominal aortic aneurysms to comprehensively address gender disparities.
Limitations
This study has the following limitations. First, no anatomic information was available to adjust for these possible confounders. Second, the retrospective non-randomized approach does not allow one to Figure 2 : (A) Kaplan-Meier survival curves of 163 female and 796 male patients undergoing fenestrated or branched endovascular repair of intact thoraco-abdominal or abdominal aortic aneurysms or dissections. P-value was calculated using the log-rank test. (B) Kaplan-Meier survival curves of 143 female and 753 male patients undergoing fenestrated or branched endovascular repair of intact thoraco-abdominal or abdominal aortic aneurysms or dissections. P-value was calculated using the log-rank test. draw valid conclusions concerning the causality of gender in complex endovascular aortic repair on outcomes. However, as both groups were comparable with regard to the van Walraven comorbidity score, it seems unlikely that confounders are solely accountable for these remarkable results. Lastly, due to the fact that the health insurance claims data were not collected for scientific evaluation but rather for reimbursement purposes, meticulous validation is necessary before and during usage for research and quality improvement efforts. While coding errors are possible, we believe that these errors would affect both genders equally as data collection occurs independently from scientific inquires such as our investigation.
CONCLUSION
Female gender is associated with worse in-hospital and consequently lower long-term survival when compared to male gender in complex TAAA repair. Further studies are required to independently assess gender disparity in complex FB-EVAR and collect anatomic data to evaluate the possible mismatch between female vessel anatomy and available endografts.
